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! ‘ GLOSSARY
|

: liquid water content (ILWC)} - The total mass of water contained in all the liquid cloud droptets
& within a unit volume of cloud. Units of LWC are usually grams of water per cubic meter of air

(g/m*).

median volume diameter (MVD) - The droplet diameter which divides the total water volume
i present in the droplet distribution in half; i.e., half the water volume will be in larger drops and

half the volume in smaller drops. The value is ebtained by actual drop size measurements.

micron (um) - One millionth of a meter.
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VI.LO U.S. CIVIL AVIATION REGULATIONS

VELLI INTRODUCTION

The purpose of this section is to provide a review of U.S. Civil Aviation Reguiations, i.e.,
Federal Aviation Regulations (FARS) relating to aircraft and engine certification for operations in
known icing conditions. The applicable regulations are FAR Part 23 (reference 1-1), SFAR 23
(reference 1-10), and FAR part 25 (reference 1-2) for normal, small commuter, ard iransport category
airplanes, respectiveiy. {Large aircraf't are defined as having takeoff gross weights in excess of 12,500
pounds.) FAR Parts 27 (reference 1-3) and 29 (reference 1-4) apply to normal (weight less than
6,000 pounds) and transport category rotorcraft, respectively; and FAR Part 33 (reference 1-5) applies
to aircral’t engines.

To be approved for {light into known icing conditions, an aircraft must be equipped with ice
prote tion systems which are designed tc provide protection when the aircraft is « <posed to the icing
conditions likely to be encountered in service, which is further quantified by reference to the FARs.
There are two types of regulatory references to ice protection; one provided by the aircraft type design
certification rules set forth in Federal Aviation Regulations Parts 23, 25, 27, 29, 33, and SFAR 23,
and the otker provided by the operating rules of Federal Aviation Regulations Parts 91, 121, and 135
(references 1-6 through 1-8).

Aircraft and engine type design certification, concerning ice protection, is accomplished by
meeting the requirements of the appropriate FAK sections delineated below:

FAR Part 23

23.929
23.975
23.1093
23.1095
23.1097
23.1099
23.1101
23.1105
23.1309
23.1325
23.1416
23.1419
23.155%b
23.i1583h

SFAR 23.34

VI 1-1




FAR Part 25
25.929
25975
25.1093
25.1105
25.1309
25.1323
25.1325
25.1403
25.1416
25.1419
Appendix C
F/A R Part 27
27.1093
27.1419
27.1525
27.1583
FAR Part 29
29.1093
26.1101
29.1157
29.1419
29.1525
29.1583
AppendixC
FAR Part 33
33.66
33.68
33.77
In addition, there are two related Special Federal Aviation Regulations (SFARs). These are:
SFAR 29-4 (reference 1-11)
SFAR 4] (reference 1-12)
Along with SFAR 23, SFAR 4! pertains to certification of FAR Part 23 (reference 1-}) airplanes
and SFAR 29-4 pertains t¢ operation of helicopters in IFR conditions. SFAR 41 and SFAR 29-< do
not address aircraft icing requirements and therefore will not be discussed in the applicable FAR
sections. The effectiveness of these SFARs is very limited and production of aircraft certified under
their rul=s will cease in 1991.
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The above rules give the minimum requirements for the design of aircraft and aircraft systems
for safe flight into known icing conditions and define the meteorological parameters upon whcih these
requiremensis are based. Compliance with the FARs normally requires a combination of analyses and
testing because testing rarely can be performed at critical design points. Tests of the ice protection
system must be conducted or similarity analyses must be performed to demonstrate that the airplane
is capable of operating safely in continuous maximum and iniwcrmittent maximum icing conditions as
defined in Appendix C of FAR Part 25 (reference 1-2) or Appendix C of FAR Part 29 (reference
1-4). A different baseline of icing conditions has been reported by Masters {reference 1-13) for
altitudes below 10,000 feet (3048 m). Applicants, i.e., rotorcraft and certain small airplanes, may
elect to seek certification for these altitude limited criteria; however these criteria should be treated
as guidance since they are not regulatory.

The operating rules and aircraft ice protection systems required for flight into known or forecast
icing conditions are given in the following:

FAR Part 91 (reference 1-6)

91.209
91.31
FAR Part 121 (reference 1-7)
121.341
121.342
121.629
FAR Part 135 {(reference 1-8)
135.227
Appendix A, Paragraph No. 34
These rules require that no pilot fly under IFR into known or forecast icing conditions; or under
VFR inco known light nr moderate icirg conditions; unless the aircraft has functioning ice prorection
systems protecting each propelier, windshield, wine stabilizing or control surface, and each airspeed,
altimeter, rate of climb, or flight attitude system. Except for an airplane that is equipped with ice
protection systems that meet the requirements in Section 34 of Special Federal Aviation Regulations
(SFAI') No. 23, or those for transport category airplane type certification, no pilot may fly an
airplane into known or forecast severe icing conditions.

Current regulations state that any equipment intended for de-icing or unii-icing musi be showii
to comply with the pertinent FARs before the FAA considers it to perform its intended function. In
addition, unless operations at night in known or forecast icing conditions are prohibited by an
operating limitation, a means must be provided for illuminating or otherwise determining the
formation of ice on parts of the wings that are critical from the standpoint of ice accumulation

(reference 1-2).
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VI.1.2 FEDERAL AVIATION REGULATIONS (FARs)
1.2.1 FAR Part 23 (Normal Category Airplanes)

1.2.1.1 Introduction

The first small non-turbine powered airplanes were approved for flight into known icing
conditions under CAR Part 3 (reference 1-14). However, some FAA guidance material was also
suggested which added the following criteria:

a. Conduct suitable tests under simulated icing conditions, or

b. Make a rational analysis of the equipment based on similar types of equipment already

known to fulfill its intended functicn.

The following areas were suggested by the FAA to require ice protection:

a.  Airspeed, altimeter, and rate of climb systems

b. Propeller surfaces

< Flight surfaces

d. Cockpit visibility, during approach and landing

¢. External radio masts or antennas
From these early requirements, icing certification has evolved more specific requirements which have
been integrated into Part 23 (reference 1-1). Actually, the intent has not changed significantly, as
can be seen by reviewing appropriate sections of references 1-1 and 1-14. The requirements listed
in this Handbook reflect the current requirements. Further guidance on certification of small airplanes
is found in references 1-15 and 1-16. The ice protection systems must be shown to meet these
requirements under the conditions specified in Appendix C of FAR Part 25 (reference 1-2).

1.2.1.2 Airplanes Weighing Less than 12,560 Pourds (5680kg)

The specific paragraphs of FAR Part 23 (reference 1-1) pertaining to icing certification are
licted in Section 1.1, Compliance procedures essential in meeting these regulations are discussed in
Chapter V. However, there are many other considerations which the FAA has developed as
background to these specific requirements. The following paragraphs discuss some of these
considerations which form the overall basis for certification.

The principal ice pretection requirements are stated in FAR paragraphs 23.1583, 23.929, 23.975,
23.1093, 23.1095, and 23.1419. These paragraphs describe the requirements for airplane flight manual,
propeller, fuel vents, induction system, analysis, and tests, respectively, that are necessary for icing
certification. In general, compliance can be established when there is reasonable assurance that while
operating in the specified icing environment: (1) the engine(s) will not flame out or experience
significant power losses or damage; (2) the handling qualities, performance, visibility, and systems
operations do not deteriorate unacceptably: (3) external protrusions are not overstressed from ice
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accuinulation (e.g ., antennas) that could endanger the aircraft or cause navigation and communication
loss; and (4) inlet scoop blockage (e.g., oil cooler inlet) is not excessive.

Assessment of performaince loss should include the drag and weight of the ice accumulated on
the airfoil surfaces as well as electrical or other load demands of the ice protection system. It is
understood, however, that the ice protected airplane may experience reduced performance and altered
handling qualities (although not deteriorated unacceptably) due to ice accretions, even though the ice
protection systems have been found to adequately remove or prevent ice build-up while the airplane
is operating in icing conditicns. The criteria for acceptable performance is based on showing that the
airplane does not have any features or characteristics that will prevent it from safe operations when
flying in icing conditions.

Compiiance with FAR 23.1309 is a requirement for all systems, which covers the affect of a
system on other systems and a hazard evaluation of the ice protection sysiems. Also, since many of
the ice protection systems use electrical power for control or electro-thermal heat, compliance with
FAR 23.1351 and 23.1357 is required. FAR 23.1351 is a general requirement on the electrical systems
and equipment necessary for certification and FAR 23,1357 is a requirement for the provision of
circuit protective devices for the airplane electrical system. FAR 23.1559(b) is a requirement for
placarding which is employed to delineate airplane operational limitations (inlcuding operations in
icing conditions) if the required systems are not installed. Another requirement for compliance is
FAR 23.1583(h) which necessitates a statement relating to flight into known icing and listing any
limitations in the airplane flight manual.

Windshield

In addition to the principal requirements discussed above, the windshield must comply with
FAR 23.773 and 23.775(d). FAR 23.773 requires a thorough evaluation of the pilot’s view. Both
day and night flight evaluations are necessary to assure adequate visibility through the windshield
when the ice protection system is both on and off. One item to consider with an electrically heated
windshield is the fuzziness or "starring" effect which may reduce visibility. FAR Part 23 does not
require that a detogging system be installed. However, if such a system ic installed, it has to be
evaluated for its effectiveaess in maintaining adequate visibility through the windshield. If
observation of wing ice accuraulation or ice protection system operation is necessary, the cockpit side
window must provide adequate visibility for this function. In some cases, a means of defogging the
side window may be necessary.

Consideration should be made for other components such as the magnetic direction indicator.
The high power required for an electrically heated windshield may cause magnetic deviations of more
than 25 degrees. if a deviation of more than 10 degrees occurs, then a placard per FAR 23.1327 and
23 1547(e) is required.
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Propeller

The propeller ice protection requirements are stated in FAR 23,929, Propellers must be protected
against the accumulation of ice to enable satisfactory functioning without appreciable power loss in
icing conditions, Unsymmetrical ice shedding from a propeller should not cause excessive vibration.
In addition, care must be taken to avoid propeller damage from shed ice for a pusher (rear-mounted)
engine airplane configuration.

Engine laduction Systems

Engine installation certification requirements for operation in icing conditions are stated in FAR
paragraphs 23.1093, 23.1095, 23.1097, 23.1099, and 23.1105. These requirements specify the
protection necessary for engine induction systems and carburetor de-icing. For certification the final
proof of compliance is, of course, flight tests in natural or simulated icing conditions. The principal
concerns are that the engine neither sustain damage nor experience inlet blockage that would result
in appreciable power loss. On reciprocating engines, attention should be given to insuring that inlet
air ducts are not restricted or blocked by ice accumulations. On turbopropeller engines, care should
be taken to ensure that any movable induction air doors do not freeze in place so as to restrict
operation. In addition, the inlet lip should be protected from ice accumulation that might shed into
the engine and causc damage or serious power loss,

Fuel Vents

Fuel vents must comply with the requirements stated in FAR 23.975. Specifically, FAR
23.975(a)(1) requires fuel vents to be located and constructed to minimize the possibility of being
obstructed by ice.

Static Pressure System

In addition to the general requirements listed in Section 1.2.1.2, the static pressure system must
comply with FAR 23.1325(b)(3). Static port design or location should be such that the correlation
between air pressure in the static system and true ambient pressure is not adversely altered when
flying in icing conditions. An anti-icing means or an alternate static source may be used for
compliance.
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Airfoil Leading Edge Surfaces

The principal requirements for protection of airfoil leading edge surfaces were listed in Section
1.2.1.2. Additional requirements are stated for pneumatic boot de-icer systems in FAR 23.1416. The
first step in achieving compliance is to evaluate each leading edge surface and determine if ice
protection is actually necessary. There are cases where analysis or testing has demonstrated that some
of these surfaces may noti require ice protection. Unprotected surfaces are discussed further in
Chapter 1. The leading edges of lifting or control surfaces such as wings and horizontal stabilizers
usually require ice protection.

Pitot Probe

The general requirements for protection of pitot probes were listed in Section 1.2.1.2. Since the
airspeed system requires static pressure, the requirements of FAR 23.1325(b)(3) apply. In addition,
a pitot probe should be protected against blockage from ice accumulations. This is usually achieved
with an electro-thermal heating system.

Air Scoops

Ice protection of air scoop inlet lips or ducts may be required where blockage could affect system
operation. Specific examples would be the cooling air requirements that are contained in FAR
Paragraphs 23.1041 and 23.1061,

Stall Warning

The stall warning system must comply with the requirements of FAR Part 23.207. Ice protection
of the stall warning sensor or transducer may not be necessary if substantiated by analyses. Where ice
protection is necessary, FAR Parts 23.1301 and 23.1309 apply. The analysis usually involves the
determination of the electrical heat required to prevent icing, In some cases, a successful installation
on another aircraft approved for flight into known icing conditions could support and ease the
verification process with a properly documented similarity analysis.

Antennas

Ice protection usually is not provided for antennas except to insure that ice shed from the antenna
will not damage an essential part of the airplane or that an antenna structural failure, due to ice
loading, will not result in a loss cof communication or navigation capability. A certain amount of
structural integrity must be included in the antenna design unless it adequately selfsheds. The design
should include consideration of an exposure to FAR 25, Appendix € icing conditions.
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1.2.1.3 Airplanes Weighing More Than 12,500 Pounds (5680 kg)

If the criginal certification for a Part 23 aircraft was prior to October 17, 1979, the applicant
may, with some restrictions, apply for an amended or supplemental type certificate ic the normal
category for a reciprocating or turbopropeller powered multiengine airplane with a takeoff gross
weight greater than 12,500 pounds (5680 kg). This amended or supplemental type certificate is
granted under SFAR 41 (reference 1-12). Approval of airp'anes certified to this criteria ends in
1991.

1.2.1.4 Special Federai Aviation requirements {(SFARs)

The regulations for icing certification of SFAR 23 (reference 1-10) aircraft are similar to the
current FAR Part 23 (reference 1-1) regulations. If certification for flight in icing conditions is
desired, analyses and tests must demonstrate that the airplane is capable of operating safely in
continuous maximum and intermittent maximum icing conditions as described in FAR Part 23,
Appendix C (reference 1-2). In addition, SFAR 23.48 requires that there must be a means to indicate
to appropriate flight crew members the functioning of the powerplant ice protection system (reference
1-10). The ice protection indicator could show, for :xample, that the engine anti-icing bleed air valve
is open or that the inertial separator vanes are positicned in the ice protection mode. In some cases,
the inlet lip could be heated continuously with engine exhaust and no indicator is required. In this
case, it would have to be shown that there is no vaive to fail and that a duct failure is not probable.

1.2.2 FAR Part 25 (Transport Category Alrplanes)

1.2.2.1 Introduction

Transport Category Airplanes were first certified for flight into known icing conditions under
CAR Part 4b (reference 1-17). Since that time, the FAA has issued much guidance material and
rewritten the regulations, Currently, the ice protection requirements for commercial transports are
specified in FAR Part 25 (reference 1-2). Demonstration of ice protection system compliance for
unrestricted flight in icing conditions normally involves several paragraphs in FAR Part 25. These
were enumerated in Section 1.1,

The requirements for demonstrating ice protection system compliance are contained in FAR

Dart 5§
4 1.2

at 'S, para rnnhao 25.1{}01 a5 1100 25‘},11(. ....d NE 141

Aragrapns Ty LI AIVS, 210, and co.149155. The SﬁEC‘;ﬁC compliance i‘)n‘OCEdUi‘E will
be iniluenced by the aircraft operating characteristics and the type of ice protection system used. In
general, compliance can be established :rhen there is reasonable assurance that while operating in the
specified icing environment: (1) the engine(s) will not flame out or experience significant power losses

or damage; (2) external protrusions are not overstressed from ice accumulations (e.g., antennas) thac

could endanger the aircraft or cause communication loss; (3) the handling qualities, performance,




visibility and systems operations are not deterioiated unacceptably; and (4) inlet scoop biockage (e.g.,
oil cooler inlet) is not excessive.

Assessment of aircraft performance during flight in icing conditions must account for the effects
of the ice protection systems on electrical/mechanical or other engine load demands, accumulated ice
on unprotected surfaces, and any residual ice on protected surfaces. It must be realized that the ice
protected airplane .nay experience somewhat reduced performance and possibly altered handling
qualities in severe icing conditions, even though ice protection systems have been proven to adequately
remove or prevent ice accumulation while the airplane is operated in other less Jritical icing
conditions.

This summarizes the general requirements of FAR paragraphs 25.1093 and 25.1419. Some
requirements, such as FAR 25.1419(a), are straightforward. The following paragraph addresses
additional general requirements. Specific requirements are outlined in subsequent paragraphs.

Compliance with FAR 25.1309 is a requirement for ail systems which covers the affect of a
system on other systems and a hazard evaluation of the ice proiection systems. Also, since many of
the ice protection systems use electrical power for control or electro-thermal heat, compliance with
FAR 25.1351 and 25.1357 are required for electricaliy powered systems, FAR 25.1351 is a general
requirement on the electrical systems and equipment and FAR 25.1357 is a requirement for the
provision of circuit protective devices for the airplane electrical system. For certification the entire
system, including both operating and monitoring functions, must meet FAR Paragraph 25.1309. This
requires that the probability of a failure condition is expected to remain within limits which are
related to the consequence of the failure condition. Icing flight approval of pricr certified systems
may comply with the intent of this parsgraph by means of properly documented similarity.

The ice protection requirements of FAR Part 25 defines two meteorologicai icing condition
regimes: continuous and intermittent maximum (as defined in Chapter I). The conditions for these
requirements are plotted ir figures 1-1 through 1-3 (Continuous) and figures 1-4 through 1-5
(Intermittent). Additional data for altitudes below 10,000 feet {3048 m) has recently been published
by Masters (reference 1-13) and may be applied to Part 27 and 29 rotorcraft. This new
characterization compared with the current FAR Part 25 Appendix C (reference 1-2) is shown in
figures 1-7 and 1-8 for continuous maximum and intermittent maximum respectively.

The foregoing comments summarize the general requirements for FAR Part 25 icing certification.

Specific requirements are outlined in the following paragraphs.

1.2.2.2 Windshield

In addition to the general requirements listed in Section 1.2.2.1, the windshield must comply
with FAR paragraphs 25.773 and 25.775. FAR 25.773 requires a thorough evaluation of the pilot’s
view, Both day and night flight evaluations are necessary to assure adequate visibility through the
windshield when the ice protection system is both on and off. One item to consider with an
electrically heated windshicld is the fuzziness or "starring” effect which may reduce visibility when
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power is turned on. Also, the defogging system needs to be evaluated for its effectiveness in
automatically maintaining adequate visibility through the windshield and compliance with FAR
25.773(a)(1). When observation of wing ice accumulation or ice protection system operation is
necessary (see Section 1.2.2.7), the cockpit side window must provide adequate visibility for this
function.

Censideration should be made for other components such as the magnetic diiection indicator.
The high power required for an electrically heated windshield could cause a magnetic deviation of
more than 10 degrees. If this does occur, then a placard per FAR 25.1327 and FAR 25.1547 is
required,

1.2.2.3 Propeller

The requivements for propeller ice protection are shown in FAR 25.929 (1eference 1-2). If a
combustible fluid is used fot propeller de-icing, then Paragraphs 25.1181 through 25.1185 and 25.1189
may apply. These relate to power plant fire protection. These are in addition to the general
requirements shown in Section 1.2.2.1. Although not directly associated with ice protection, propeller
exposure to ice shedding should be considered. In some cases, ice shedding from other aircraft
surfaces should be considered. In the case of a pusher (rear mounted) engine configuration,
consideration should be given to ice shed inwo the propeller by the wing ice protection system or
residual ice which could accumulate and break off. Companies building pusher airplanes have been
required to investigate the areas of the airplane forward of the propeller to determine that ice shed
will not impact and damage the propeller. Currently, the FAA, is handling these cases by special
condition.

1.2.2.4 Engine Inlet

The requirements for engine inlet certification for operation in icing conditions are stated in
FAR 25.1093. The primary concerns are airflow blockage that would reduce engine performance
and engine damage due to ingestion of ice (reference i-18). The first concern is also addressed in
Section 1.2.5 (Engincs). The FAA also requires that areas of the airplane be investigated to determine
if ice will accumulate on them wnd shed into the engine; such areas be protected to prevent ice
accumulation and shedding. This requirement is stated in FAR Parazraph 25.1091(e).

1.2.2.5 Fuel Vents

Fuel vents must comply with the general requirements listed in Section 1.2.2.1. There are
additional requirements which apply to the airplane which require compliance even though icing
certification is not an issue. For example, FAR paragraph 25.975 requires fuel vents so be located and
constructed to minimize the possibility of being obstructed by ice. Icing certification necessitates the
demonstration that no fuel vent blockage occurs during flight into natural icing conditions.

Vii-10




vl

-

1.2.2.6 Static Pressure System

In addition to the general requirements of Section 1.2.2.1, static pressure systems must comply
with FAR paragraph 25.1325 (reference 1-2). FAR 25.1325 requires that static port design or location
should be such that the correlation between air pressure in the static system and true ambient pressure
is not adversely altered when flying in icing conditions. Compliance with FAR 25.1325 is included
in the certification basis for older airplanes seeking icing approval. Heated static ports are usually
necessary to show compliance.

1.2.2.7 Airfoil Leading Edge Surfaces

Primarily, compliance to the requirements discussed in Section 1.2.2.1 are necessary. Additional
requirements are defined for pneumatic boot systems in FAR 25.1416. Compliance with FAR
Paragraph 25.1416(c) has generally been interpreted to require the ability of the crew to observe the
wing boot and ir night operation is requested, a light for illuminating the wing boot is required. The
first step in compliance to the requirements is to evaluate each leading edge surface and determine if
ice protection is actually necessary. There are cases where analyses or testing has demonstrated that
some of these surfaces may not require ice protection, Unprotected surfaces are discussed further in
Chapter 1.

1.2,2.8 Pitot Probe

In addition to the general requirements shown in Section 1.2.2.1, compliance with FAR Paragraph
25.1323(e) is required #ven though icing approval is not requested. This requires a heated pitot or
equivalent means of preventing malfunction due to icing. This requirement is always included in the
certification basis for older airplancs seeking icing approval. Compliance with FAR Paragraph
25.1326, "Pitot Heat indicating Systems," is also required.

1.2.2.9 Air Scoops

There are no additional special requirements for air scoops. There are considerations which
must be made for some air scoops where blockage could affect the operation of a particular system.
Specific installations such as powerplant induction systems, inlet ducts, and induction system screens
are covered by FAR paragraphs 25.1091, 25.1093, 25.1103, and 25.1105.

1.2.2.10 Stail Warning

The stall warning system must comply with the requirements of FAR Part 25.207. Ice protection
of the stall warning sensor or transducer may not be necessary if substantiated by analyses. Where ice
protection is necessary, FAR Parts 25.1301 and 25.1309 apply. The analyses usually involves the
deiermination of the electrical heat required to prevent icing. In some cases, a successful installation
on another aircraft approved for flight into known icing conditions could support and ease the
verification process with a properly documented similarity analysis.
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1.2.2.11 Aatennas

Ice protection is usually not provided for antennas except tc insure that ice shed from the antenna
will not damage an essential part of the airplane or that an antenna structural failure, due to ice
loading, will not result in a loss of communication or navigation capability. A certain amount of
structural integrity must be included in the antenna design unless they adequately se'f -shed. The
design should include consideration of an exposure to FAK 25 (Appendix C) icing conditions.

1.2.3 FAR Part 27 (Norinal Category Rotorcraft)

Few helicopter operators have shown interest in qualif ying small or normal (gross weight less than
6,000 pounds) category rotorcraft for operation in icing conditions. Designing a full ice protection
system and demonstrating compliance will be a costly and time consuming exercise. FAR Part 27
(reference 1-3) contains three paragraphs that make reference to icing. FAA Advisory Circular 29-2
(reference 1-20) aiso contains three paragraphs that are helpful in showing compliance to Part 27
requirements pertaining to flight ir. icing conditions, The applicable FAR paragraphs are presented
in Section 1.1, The information contained in FAA Advisory Circular 29-2 is reviewed in Chapter VII.

Only slight differences exist between requirements of FAR Part 27 (reference 1-3) and FAR
Part 29 (reference 1-4) (seec Paragraph 27.1093). Safe operation (Paragraph 27.1419) in the icing
envelope of FAR Part 29 Appendix C is required. These icing envelopes are the same as presented
in FAR Part 25 (reference 1-2) Appendix C. At the time these envelopes were derived, it was
assumed that ali airplanes would operaie to at least 22,000 feet (6700 m). For present state-of-the-
art rotorcraft, this assumption is not entirely valid. Hence, an altitude limited icing envelope, based
on the same data used to derive the FAR Part 25 Appendix C envelope, is presented in FAA Advisory
Circular 29-2 (reference 1-20) as an alternate to the full icing snvelope. In addition, the recent work
by Masters (reference 1-13) recommends a new characterization for altitudes below 10,000 feet (3048
m). However, neither of these latter characterizations are regulatory but are offered as options,
selectable by the applicant,

1.2.4 FAR Part 29 (Transport Category Rotorcraft)

Many helicopter operators have shown interest in qualifying transport category roiorcraft for
operation in icing. Transport category rotorcraft manufacturers have conducted rotor icing trials,
but most of these efforts have not been completed. Designing a full ice protection system and
demonstrating compliance has been a costly and time consuming exercise. FAR Part 29 (reference

1-4) and FAA Advisory Circular 29-2 (reference 1-20) each contain three paragraphs that make
reference to icing (FAR 29.877 has been superceded by FAR 29,1419 although the FAA Advisory
Circular retains the older paragraph references). The applicable FAA paragraphs are presented in
Section 1.1. The information contained in FAA Advisory Circular 29-2 is discussed in detail in
Chapter VII,




C. These are identical to those of FAR Part 25 Appendix and are presented in figures [-1 through
1-6. These icing envelopes have served as a satisfactory design criteria for fixed wing operations in

|
i 0 The icing envelopes for Transport Category helicopters is contained in FAR Part 29 Appendix

' ; icing conditions for over two decades. The envelopes extend to 22,000 feet (6700 m) with possible

: extensions to 30,000 feet (9140 m) and does not present icing severity as a function of altitude. At
| the time the envelopes were derived, it was assumed that all transport category airplanes would operate
‘ to at least 22,000 feet. For present state of the art rotorcraft, this assumption is not valid. Thus an
' altitude limited icing envelope, based on the same data used to derive the FAR part 25 (reference

. [ 1-2) Appendix C envelope, is presented in FAA AC 29-2 as an alternate to the full icing envelope.
| These envelopes are reproduced and presented as figures 1-9 through 1-12. In addition, recent work
| by Masters (reference 1-13) recommends a new characterization for altitudes below 10,000 feet (3048
‘ m). These envelopes, as compared to FAR Part 25 Appendix C, are presented in figures 1-7 through
; 1-8. Neither of these latter envelopes are regulatory but are offered as options.

, 1.2.5 FAR Part 33 (Engines)
In order to become certified for flight by the Federal Aviation Administration, aircraft engines
must demonstrate (by test, analysis or similarity) that they are capable of operating successfully in
] icing conditions (reference 1-5). In addition, the gas turbine engine must be capable of withstanding
the foreign object ingestion test of FAR 33.77 without failure or hazard. The engine should be
. designed and demonstrated to be capable of ingestion of the most severe ice accumulation that could
' occur for the particular installation. The pertinent paragraphs of FAR Part 33 are listed in Section
' l 1Ll ‘
!

FAR paragraph 33.66 specifies that if bleed air from the ergine is used for engine anti-icing
and can be controlied, provision must be made for a means to indicate to the flight crew that the
engine ice protection system is operating.

FAR 33.68 specifies the icing requiremenis for engine induction systems. The FAR Part 25
appendix C icing conditions apply and were discussed in Chapter I and are presented in figures 11
through 1-6 (reference 1-1). FAR 13.68(a) requires that the engine must operate throughout its flight
power range without the accumulation of ice on engine components that would adversely affect engine
operation or that would cause a serious loss of power or thrust in continuous maximum and
intermittent maximum icing conditions. FAR 33.68(b) requires that the engine must be able 1o idle
for 30 minutes on the ground with available air bleed for ice protection at its critical conditien

without adverse affect in a specified atmospheric condition, followed by a momentary operation at
i takeoff power or thrust.

The non-specific nature of FAR 33.68(a) allows each engine manufacturer to work cut @ set of
i mutually agreeable compliance tests with the Federal Aviation Administration pertaining fo his
i specific engine in his specific test facility (reference 1-21). ~
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FAR 33.77 states the foreign object ingestion requirements for engines. Paragraph 33.77(c)
states that ingestion of water, ice, or hail, under prescribed conditions, may not cause a sustained
loss of power or thrust or require the engine to be shut down. The ice ingestion requirement is
presented in table 1-1. Paragraph 33.77(d) states that if the engine incorporates a protection device
{(e.g., a screen) in the engine inlet, then the ingestion requirement is waived if the ice cannot pass
through the protective device, the protective device will withstand the impact of the ice, and if the
ice stopped by the protective device does not obstruct the flow of induction air into the engine with
a resultant loss of power or thrust greater than those values specified in FAR paragraph 33.77.
Experience has shown that ice can build up on the back side of such screens with the potential of
engine damage should the ice shed from the screen.

In general, ice protection systems on engines intended for installation in helicopters are subject
to the same standards as for fixed wing aircraft engines. Some interesting helicopter icing phenomena
which apply in a secondary manner to the engine are reported in reference 1-21 (FAA-RD-77-76,
page 6-7).
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TABLE 1-1. ICE INGESTION REQUIREMENTS FOR TURBINE ENGINES (REFEFENCE 1-5)

? Foreign Test Quantity Speed of Engine Ingestion ‘
f Object Foreign Object  Operation
|
i
f Ice Maximum accuanulation on Sucked in Maximum To simulate
; a typical inlet cowl and cruise a continuous
| engine face resulting from maximum
. a 2-minute delay in actua- icing encou-
: ting anti-icing system, or nier at 25°F,

a slab of ice which is
comparable in weight or
thickness for that size
engine.

NOTE: The term "inlet area” as used in ihis section means the engine inlet projected area at the front
face of the engine. It includes the projected area of any spinner or bullet nose that is provided.
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